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COMPOSITION FOR FORMATION OF
CARBON DIOXIDE SEPARATION
MEMBRANE, CARBON DIOXIDE

SEPARATION MEMBRANE AND PROCESS
FOR PRODUCTION THEREOF, AND

CARBON DIOXIDE SEPARATION
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation application of Interna-
tional Application No. PCT/JP/2011/076563, filed Nov. 17,
2011, the disclosure of which 1s imncorporated herein by ret-
erence 1n 1ts entirety. Further, this application claims priority
from Japanese Patent Application No. 2011-004274, filed
Jan. 12,2011, Japanese Patent Application No. 2011-068245,
filed Mar. 25, 2011, and Japanese Patent Application No.
2011-167488, filed Jul. 29, 2011, the disclosures of which are
incorporated by reference herein 1n their entirety. Further, the
disclosures of Japanese Patent Application No. 2011-250968
1s incorporated by reference herein in 1ts entirety.

TECHNICAL FIELD

The present invention relates to a composition for forming
a carbon dioxide separation membrane, a carbon dioxide
separation membrane and a process for producing the same,
and a carbon dioxide separation apparatus.

BACKGROUND ART

Recently, development of techniques for selectively sepa-
rating carbon dioxide 1 a mixed gas 1s advancing. For
example, as a countermeasure for global warming, a tech-
nique of collecting carbon dioxide 1n exhausted gas and con-
densing 1t, and a technique of reforming hydrocarbon into
hydrogen and carbon monoxide (CO) by means of steam
reforming, further allowing the carbon monoxide to react
with steam to form carbon dioxide and hydrogen, and exclud-
ing the carbon dioxide by using a membrane which 1s selec-
tively permeable to carbon dioxide, thereby obtaining gas for
tuel cells or the like which includes hydrogen as a main
component, have been developed.

Meanwhile, regarding separation of carbon dioxide, an
amine absorption method, 1n which adsorption and desorp-
tion are repeated by amines, 1s a general method and has been
widely used. However, this method 1s disadvantageous in that
a huge installation area 1s needed for the facilities and, 1n
addition, 1t 1s necessary to repeat increasing pressure/decreas-
ing pressure and lowering temperature/elevating temperature
at the time of adsorption/desorption, which needs a large
amount of energy. Further, the capacity of the system has been
determined at the time of planning, and thus, it 1s not easy to
increase or decrease the capacity of the system once formed.
In contrast, a membrane separation method 1s a method of
performing separation naturally by utilizing the component
pressure ol carbon dioxide in the two regions separated by a
separation membrane and 1s advantageous 1n that consump-
tion of energy 1s low and the installation area 1s small. Further,
increase or decrease in the capacity of the system can be
conducted by increasing or decreasing the number of filter
units and therefore, it 1s possible to provide a system having,
excellent scalability; accordingly, the membrane separation
method has recently attracted attention.

Carbon dioxide separation membranes can be roughly
classified into so-called accelerated transport membranes, 1n
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2

which a carbon dioxide carrier 1s included 1n the membrane
and carbon dioxide 1s transported to the opposite side of the

membrane by this carrier, and dissolution diffusion mem-
branes, with which separation 1s performed by utilizing the
difference in solubility with respect to the membrane and the
difference 1n diffusivity in the membrane, between carbon
dioxide and the substance to be subject to separation. Since a
dissolution diffusion membrane 1s used to perform separation
based on the solubilities of carbon dioxide and the substance
to be subject to separation with respect to the membrane and
the diffusion speeds, the degree of separation 1s determined
unequivocally when the material and physical properties of
the membrane are determined, and further, since the perme-
ation speed increases as the thickness of the membrane gets
thinner, the dissolution diffusion membrane 1s generally pro-
duced as a thin membrane having a thickness of 1 um or less,
by using a layer separation method, a surface polymerization
method, or the like.

In contrast, 1n an accelerated transport membrane, by the
addition of a carbon dioxide carrier into the membrane, the
solubility of carbon dioxide 1s drastically increased, and
transportation 1s carried out under a high concentration envi-
ronment. Accordingly, the accelerated transport membrane 1s
characterized 1n that, in general, the separation degree with
respect to the substance to be separated 1s generally higher,
and the permeation speed of carbon dioxide 1s higher, as
compared with a dissolution diffusion membrane. Further,
since the concentration of carbon dioxide in the membrane 1s
high, the diffusion of carbon dioxide 1n the membrane rarely
becomes a rate-limiting factor, and in the sense of increasing
the degree of separation with respect to the substance to be
separated, 1t 1s more preferable that the accelerated transport
membrane 1s a thick membrane having a thickness of 10 um
Or more.

For example, 1n Japanese Patent Application Publication
(JP-B) No. 7-102310, a technique for producing a carbon
dioxide separation gel membrane, the technique including
coating an aqueous solution of an uncrosslhinked vinyl alco-
hol-acrylate copolymer on a carbon dioxide permeable sup-
port to form a membrane, then heating and crosslinking the
membrane to become water insoluble, and then allowing the
water msoluble substance to absorb an aqueous solution con-
taining a carbon dioxide carrier (a substance that has affinity
with carbon dioxide) to gelate the membrane, has been pro-
posed.

Further, in Japanese Patent Application Laid-Open (JP-A)
No. 2009-195900, a carbon dioxide separation apparatus, in
which a gel layer obtained by adding an additive including
cesium carbonate or cesium hydrogencarbonate or cesium
hydroxide to a polyvinyl alcohol-polyacrylic acid copolymer
gel membrane 1s provided on a hydrophilic porous membrane
to form a CO, accelerated transport membrane, and a source
gas mcluding at least carbon dioxide and steam as well as a
certain main component of gas 1s supplied to the surface of the
source side of the CO, accelerated transport membrane at a
supply temperature of 100° C. or higher, and then the carbon
dioxide, that has been permeated through the CO, accelerated
transport membrane, 1s taken out from the surface of the
permeation side, has been proposed.

SUMMARY OF INVENTION

Technical Problem

Membranes such as those shown in the above-described
JP-B No. 7-102310 and JP-A No. 2009-195900 should have
a film thickness after coating and drying of 10 um or more,
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and therefore, the thickness of the coated film 1n the state of a
solution containing a solvent may become from 20 um to
3000 um. It has been found that, not only does such a coated
f1lm having a great thickness require a long time to be dried,
but various problems such as deviation in the coated film
during drying (nonuniformity in film thickness), dripping,
cissing, splashing of the membrane, orange peel, phase sepa-
ration, or the like. may occur In particular, in the case of
performing successive coating, 1t 1s impossible to perform
drying while holding the support 1n a horizontal direction by
arranging a linear drying zone for drying, since 1t takes a long
time to carry out drying, and thus, it 1s necessary to carry out
drying while meandering the support or by a reel system;
however, with such a form of drying, the above-described
problems become especially significant, so that 1t becomes
almost impossible to perform successive coating.

The present inventors have exerted intensive effort to
address this problem and, as a result, have found that the
various problems described above can be addressed by thick-
enming the coating liquid after coating to reduce fluidity, and
have made investigations for various gelation methods,
whereby the present imnvention was achieved.

Namely, an object of the invention 1s to provide a compo-
sition for forming a carbon dioxide separation membrane,
with which a carbon dioxide separation membrane having
excellent gas separation characteristics can be produced with
high productivity and low cost; a carbon dioxide separation
membrane having excellent gas separation characteristics

and a process for producing the same; and a carbon dioxide
separation apparatus.

Solution to Problem

In order to achieve the above object, the following mmven-
tion 1s provided.
<1> A composition for forming a carbon dioxide separation
membrane, the composition including a water-absorbing,
polymer, a carbon dioxide carrier, and a polysaccharide.
<2> A composition for forming a carbon dioxide separation
membrane, the composition including a water-absorbing,
polymer, a carbon dioxide carrier, and a polysaccharide,
wherein a viscosity of the composition, when measured in
accordance with JIS Z8803 using a B type viscometer while
cooling the surroundings of a container having the composi-
tion contained therein with 0° C. ice water, reaches 1000 cp or
higher within 700 seconds, after the mitiation of cooling.

As the container having the composition contained therein,
a container made of stainless-steel 1s used.
<3>The composition for forming a carbon dioxide separation
membrane according to <1> or <2>>, wherein the polysaccha-
ride 1s agar.
<4>The composition for forming a carbon dioxide separation
membrane according to any of <1>to <3>, wherein a content
of the polysaccharide 1s 10% by mass or less, with respect to
the composition.
<5>The composition for forming a carbon dioxide separation
membrane according to any of <1>to <4>, wherein a content
of the polysaccharide 1s from 0.3% by mass to 5% by mass,
with respect to the composition.
<6>The composition for forming a carbon dioxide separation
membrane according to any of <1>to <5>, wherein the water-
absorbing polymer 1s a polyvinyl alcohol-polyacrylic acid
copolymer.
<7>The composition for forming a carbon dioxide separation
membrane according to any of <1> to <6>, wherein the car-
bon dioxide carrier 1s an alkali metal carbonate.

10

15

20

25

30

35

40

45

50

55

60

65

4

<8>The composition for forming a carbon dioxide separation
membrane according to any of <1> to <7>, wherein the car-
bon dioxide carrier 1s a compound containing at least one
selected from the group consisting of cesium, rubidium, and
potassium.

<9>The composition for forming a carbon dioxide separation
membrane according to any of <1>to <8, further including
an amino acid.

<10> The composition for forming a carbon dioxide separa-
tion membrane according to <9>, wherein the amino acid has
a Log P value of -2.5 or less.

<11> The composition for forming a carbon dioxide separa-
tion membrane according to <9> or <10>, wherein the amino
acid 1s at least one selected from the group consisting of
glycine and serine.

<12> A process for producing a carbon dioxide separation
membrane, the process including;:

a composition preparing step ol preparing a composition
for forming a carbon dioxide separation membrane, which
contains a water-absorbing polymer, a carbon dioxide carrier,
and a polysacchande;

a coating step of coating the composition on a support;

a cooling step of cooling the coated film obtained in the
coating step to obtain a gel membrane;

a drying step of drying the gel membrane to obtain a dried
membrane; and

a crosslinking step of crosslinking the dried membrane to
obtain a carbon dioxide separation membrane.
<13> The process for producing a carbon dioxide separation
membrane according to <12>, wherein the composition for
forming a carbon dioxide separation membrane according to
any of <1>to <11>1s used as the composition for forming a
carbon dioxide separation membrane.
<14> The process for producing a carbon dioxide separation
membrane according to <<12> or <13>, wherein an area of the
support is 30 cm” or more.
<15> The process for producing a carbon dioxide separation
membrane according to any of <12> to <14>, wherein the
support 1s belt-shaped and sent off from a let-oif roll, and
while conveying the support, the coating step, the cooling
step, and the drying step are performed 1n order and then,
before or after the crosslinking step, the dried membrane or
the carbon dioxide separation membrane 1s wound up onto a
take-up roll.
<16> The process for producing a carbon dioxide separation
membrane according to <15>, wherein the support 1s con-
veyed at a conveying speed of 1 m/min or higher from the
coating step to the drying step.
<1°7> The process for producing a carbon dioxide separation
membrane according to any of <12> to <16>, wherein the gel
membrane 1s formed to have a thickness of 10 um or more.
<18> The process for producing a carbon dioxide separation
membrane according to any of <12> to <17>, wherein the
cooling step 1s performed at a wet bulb temperature of 35° C.
or lower.
<19> A carbon dioxide separation membrane including a
water-absorbing polymer, a carbon dioxide carrier, and a
polysaccharide.
<20> The carbon dioxide separation membrane according to
<19>, wherein the carbon dioxide carrier includes a com-
pound containing at least one selected from the group con-
sisting of cesium, rubidium, and potassium.
<21> The carbon dioxide separation membrane according to
<19> or <20>, further including an amino acid.
<22> The carbon dioxide separation membrane according to
<21>, wherein the amino acid 1s at least one selected from the
group consisting of glycine and serine.
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<23> The carbon dioxide separation membrane according to
any of <20>to <22>, wherein a compound containing cesium
1s included, as the carbon dioxide carrier, 1n an amount o1 50%
by mass or more with respect to the carbon dioxide separation
membrane.

<24> The carbon dioxide separation membrane according to
any ol <20> to <22>, wherein a compound containing potas-
sium 1s included, as the carbon dioxide carrier, 1n an amount
of 15% by mass or more with respect to the carbon dioxide
separation membrane.

<25> A carbon dioxide separation apparatus equipped with
the carbon dioxide separation membrane according to any of
<]19> to <24>,

Advantageous Effects of Invention

According to the present invention, a composition for
forming a carbon dioxide separation membrane, with which a
carbon dioxide separation membrane having excellent gas
separation characteristics can be produced with high produc-
tivity, a carbon dioxide separation membrane having excel-
lent gas separation characteristics and a process for producing
the same, and a carbon dioxide separation apparatus are pro-

vided.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a conceptual diagram showing a constitutional
example of an apparatus used 1n the process for producing a
carbon dioxide separation membrane according to the present
invention.

FIG. 2 1s a conceptual diagram showing a constitutional
example of a composite for forming a carbon dioxide sepa-
ration membrane, which has a carbon dioxide separation
membrane according to the present invention.

FIG. 3 1s a conceptual diagram showing a method for
measuring the viscosity of a composition for forming a car-
bon dioxide separation membrane.

FIG. 4 1s a graph showing the relationship between the
concentration of agar and the viscosity change, when UP-37
1s used.

FIG. 5 1s a graph showing the relationship between the
concentration of agar and the wviscosity change, when
UM-118 1s used.

FIG. 6 1s a graph showing the relationship between the
concentration of agar and the viscosity change, when ZY-6 1s
used.

FIG. 7 1s a graph showing the relationship between the

concentration of agar and the viscosity change, when AGA-
ROSE H 1s used.

DESCRIPTION OF EMBODIMENTS

Hereinatter, the present invention 1s specifically explained
with reference to the attached drawings.

Regarding compositions for forming a carbon dioxide
separation membrane, coating has been performed 1n a labo-
ratory level, but coating on a support having a relatively large
area has not been performed, and specifically, studies on
“Roll-to-Roll” (which may be abbreviated to “R to R”) has
not been conducted. The present inventors thought that a
roll-to-roll method using a belt-shaped support (a web such as
a substrate film or the like) 1s suitable, in order to produce a
carbon dioxide separation membrane with high efliciency
(high speed and low cost). In the case of producing a carbon
dioxide separation membrane by means of roll-to-roll coat-
ing, for the purpose of ensuring the separation characteristics
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of the membrane, the film thickness should be at minimum 10
um, and 1n the case of coating this solid 1n the state of being
dissolved 1n a solvent, the thickness of the coated film 1imme-
diately after the coating (undried) 1s from 20 pm to 3000 um.
It was found that when such a thick membrane 1s coated and
dried using a generally used coating liquid composition, ciss-
ing or splashing of coated film, variation in film thickness,
dripping, or the like occurs 1n the drying step, and due to the
variation 1n film thickness, variation 1n separation and perme-
ation performance occurs, and thus, the performance as an
industrial product cannot be ensured. The present inventors
have found, after studying hard the problems, that by increas-
ing the viscosity of the solution immediately after coating to
reduce the fluidity, cissing and splashing of coated film, drip-
ping, and nonuniformity 1n film thickness are suppressed, and
a separation membrane having less defects and high unifor-
mity can be obtained, whereby the present invention has been
completed. Namely, by cooling the coated film immediately
alter coating, gelation 1s caused (1n the present invention, the
term “gelation” means realizing high viscosity, and does not
necessarily represent the state in which fluidity 1s lost at all)
and, by carrying out general drying thereafter, a good sepa-
ration membrane can be produced.

Therefore, the present inventors have studied a lot about a
method for imparting gelation property with which salting-
out does not occur 1n a composition, and which enables gela-
tion immediately after coating the composition on a support
and 1s capable of enduring the velocity of dry air. As a result,
the present inventors have found that, when a coated film 1s
formed by coating, on a support, a composition 1 which a
polysaccharide 1s added as a gelation agent, 1n addition to a
water-absorbing polymer and a carbon dioxide carrier, the
coated film can be gelated immediately after coating, and
even 1 air for drying 1s applied thereto, the gel membrane
betore drying 1s not splashed, and a carbon dioxide separation
membrane having excellent film thickness umiformity and
excellent gas separation characteristics can be obtained.
Accordingly, by using a composition as described above, a
carbon dioxide separation membrane having excellent gas
separation characteristics can be produced with high produc-
tivity by means of Roll-to-Roll.

<Process for Producing Carbon Dioxide Separation Mem-
brane>

The process for producing a carbon dioxide separation
membrane according to the present invention includes a com-
position preparing step of preparing a composition for form-
ing a carbon dioxide separation membrane (hereinafter, may
be stmply referred to as “composition” or “coating liquid™),
which contains a water-absorbing polymer, a carbon dioxide
carrier, and a polysaccharide; a coating step of coating the
composition on a support; a cooling step of cooling the coated
film obtained 1n the coating step to obtain a gel membrane; a
drying step of drying the gel membrane to obtain a dried
membrane; and a crosslinking step of crosslinking the dried
membrane to obtain a carbon dioxide separation membrane.

FIG. 1 schematically shows one example of the configura-
tion of an apparatus used in the process for forming a carbon
dioxide separation membrane according to the present mven-
tion. This apparatus 100 1s equipped with a let-oif roll 10 that
sends oif the belt-shaped support 12, a coater 20 with which
the composition 1s coated on the support 12, a cooling section
30 where the composition that has been coated 1s gelated, a
drying section 40 where the gel membrane 1s dried, and a
take-up roll 50 that winds up the obtained carbon dioxide
separation membrane 52 1n a roll form. Further, conveying
rolls 62, 64, 66, and 68 for conveying the support 12 to each
of the sections 20, 30, 40, and 50 are arranged.
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By the use of the apparatus 100 having a configuration as
described above, roll-to-roll can be carried out, that 1s, the
support 12 can be sent off from the let-off roll 10, and while
conveying the support 12, the coating step, the cooling step,
and the drying step can be carried out 1n order, and then the
obtained carbon dioxide separation membrane 52 can be
wound up onto the take-up roll 50, and further, by carrying out
a crosslinking step, a carbon dioxide separation membrane 52
having excellent gas separation characteristics can be pro-
duced successively and efficiently. Note that, the crosslinking
step may be carried out before winding up the membrane
obtained after the drying step onto the take-up roll 50 or may
be carried out after winding up 1nto a roll.

FIG. 2 schematically shows one example of the configura-
tion of a composite for separation of carbon dioxide, which 1s
equipped with a support 12 and a carbon dioxide separation
membrane 14 produced by using the composition for forming
a carbon dioxide separation membrane of the mnvention. In
this composite 52 for separation of carbon dioxide, the carbon
dioxide separation membrane 14 1s formed on the outer
peripheral surface of the cylindrical support 12 which 1s per-
meable to carbon dioxide. In a device equipped with the
carbon dioxide separation membrane 14 as described above,
by supplying a mixed gas including carbon dioxide to the
inner side or the outer side of the composite 52, along with
providing a difference 1n pressure between the inside and the
outside such that the pressure at the mixed gas supplying side
becomes lower than the pressure at the permeation side, the
carbon dioxide 1n the mixed gas passes through the support 12
and the carbon dioxide separation membrane 14, whereby gas
separation can be conducted.

In the following, the composition for forming a carbon
dioxide separation membrane according to the present mnven-
tion and a process for producing a carbon dioxide separation
membrane are specifically described.

—Composition Preparing Step—

First, a composition for forming a carbon dioxide separa-
tion membrane, which contains a water-absorbing polymer, a
carbon dioxide carrier, and a polysaccharide, 1s prepared. In
the step of preparing a composition for forming a carbon
dioxide separation membrane according to the present mnven-
tion, a water-absorbing polymer, a carbon dioxide carrier, and
a polysaccharide that imparts a good setting property (gela-
tion property) are added to water, each 1n an appropriate
amount.

(Water-Absorbing Polymer)

The water-absorbing polymer contained in the composi-
tion of the present mvention 1s a polymer that functions as a
binder, and when used 1n a carbon dioxide separation mem-
brane, the water-absorbing polymer retains moisture and
allows the function of separation of carbon dioxide by a
carbon dioxide carrier to be exhibited. From the viewpoint of
having solubility 1n water to be able to form a coating liquid
and providing a carbon dioxide separation membrane that has
a high water absorbing property (moisture retaining prop-
erty), the water-absorbing polymer 1s preferably a polymer
having a high water absorbing property, and 1t 1s preferable to
have a water absorbing property such that the amount of
physiological saline absorbed 1s 0.5 g/g or more, 1t 1s more
preferable to have a water absorbing property such that the
amount of physiological saline absorbed 1s 1 g/g or more, 1t 1s
even more preferable to have a water absorbing property such
that the amount of physiological saline absorbed 1s 5 g/g or
more, 1t 1s particularly preferable to have a water absorbing,
property of 10 g/g or more, and 1t 1s most preferable to have a
water absorbing property such that the amount of physiologi-
cal saline absorbed 1s 20 g/g or more.
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As the water-absorbing polymer contained in the compo-
sition of the present invention, conventionally known hydro-
philic polymers can be used, but from the viewpoints of water
absorbing property, film forming property, strength, and the
like, for example, polyvinyl alcohols, polyacrylic acids, poly-
cthylene oxides, water-soluble celluloses, starches, alginic
acids, chitins, polysulfonic acids, polyhydroxy methacry-
lates, polyvinyl pyrrolidones, poly-N-vinyl acetamides, poly-
acrylamides, polyethyleneimines, polyallylamines, polyvi-
nylamines, and the like are preferable. Copolymers of these
compounds may also be used preferably.

Particularly, polyvinyl alcohol-polyacrylic acid salt
copolymers are preferable. Polyvinyl alcohol-polyacrylic
acid salt copolymers have high water absorbing ability, and 1n
addition, even at the time of high water absorption, the
strength of hydrogel 1s great. The content ratio of polyacrylic
acid salt in the polyvinyl alcohol-polyacrylic acid salt copoly-
mer 18, for example, from 1 mol % to 95 mol %, preferably
from 2 mol % to 70 mol %, more preferably from 3 mol % to
60 mol %, and particularly preferably from 5 mol % to 50 mol
%. Examples of the polyacrylic acid salt include an alkali
metal salt such as a sodium salt or a potassium salt, an ammo-
nium salt, an organic ammonium salt, and the like.

Examples of a commercially available polyvinyl alcohol-

polyacrylic acid salt copolymer (sodium salt) include SUMI-
KAGEL L-5H (manufactured by Sumitomo Chemical Co.,

Ltd.) and KURASTMER AP20 (manufactured by Kuraray
Co., Ltd.).

The water-absorbing polymers may be used as a mixture of
two or more types of them.

Although 1t depends on the kind, the content of the water-
absorbing polymer in the composition (coating liquid) 1s pret-
erably from 0.5% by mass to 50% by mass, more preferably
from 1% by mass to 30% by mass, and particularly preferably
from 2% by mass to 15% by mass, from the viewpoint of
being used as a binder to form a membrane and providing a
carbon dioxide separation membrane that can suificiently
retain moisture.

(Carbon Dioxide Carrier)

The carbon dioxide carrier contained 1n the composition of
the present invention may be any substance that has affinity
with carbon dioxide and exhibits water solubility, and known
substances can be used. The carbon dioxide carrier in this case
1s a substance having affinity with carbon dioxide, and vari-
ous kinds of water-soluble inorganic or organic substances
that exhibit basic properties are used. Examples thereof
include an alkali metal carbonate and/or an alkali metal
hydrogencarbonate and/or an alkali metal hydroxide; an
aqueous solution obtained by adding a multidentate ligand
that forms a complex with an alkali metal 10n to an aqueous
solution containing an alkali metal carbonate and/or an alkali
metal hydrogencarbonate and/or an alkali metal hydroxide;
ammonia; ammonium salts; various kinds of straight-chain or
cyclic amines; amine salts; and ammonium salts. Further,
water-soluble derimvatives of these compounds can also be
used preferably.

Since a carrier that can be retained 1n the separation mem-
brane for a long period of time 1s useful, an amine-containing
compound which hardly evaporates, such as an amino acid, a
betaine, or the like, 1s particularly preferable.

Examples of the alkali metal carbonate include lithium
carbonate, sodium carbonate, potassium carbonate, rubidium
carbonate, and cesium carbonate.

Examples of the alkali metal hydrogencarbonate include
lithium hydrogencarbonate, sodium hydrogencarbonate,
potassium hydrogencarbonate, rubidium hydrogencarbonate,
and cesium hydrogencarbonate.
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Examples of the alkali metal hydroxide include lithium
hydroxide, sodium hydroxide, potassium hydroxide, cestum
hydroxide, and rubidium hydroxide.

Among them, alkali metal carbonates are preferable, and
compounds which have high solubility and contain cesium,
rubidium, or potassium are preferable.

Examples of an alkanolamine may include various water-
soluble alkanolamines such as monoethanolamine, diethano-
lamine, triethanolamine, monopropanolamine, dipropanola-
mine, or tripropanolamine. The carbon dioxide carrier 1s not
limited to those described above, and may be any substance
that has atfimity with carbon dioxide and exhibits water solu-
bility; and various compounds such as an alkali metal salt of
an organic acid or the like can be used.

As the multidentate ligand that forms a complex with an
alkal1 metal 10n, a conventionally known multidentate ligand,
for example: a cyclic polyether such as 12-crown-4,15-
crown-5,18-crown-6, benzo-12-crown-4, benzo-15-crown-5,
benzo-18-crown-6, dibenzo-12-crown-4, dibenzo-15-crown-
S5, dibenzo-18-crown-6, dicyclohexyl-12-crown-4, dicyclo-
hexyl-15-crown-5, dicyclohexyl-18-crown-6, n-octyl-12-
crown-4, n-octyl-13-crown-5, or n-octyl-18-crown-6; a
cyclic polyether amine such as cryptand[2.1] or cryptand
[2.2]; a bicyclic polyether amine such as cryptand[2.2.1] or
cryptand[2.2.2]; porphyrin, phthalocyanine, polyethylene
glycol, ethylenediamine tetraacetate, or the like, can be used.

As the amino acid, glycine, alanine, serine, proline, histi-
dine, cysteine, taurine, diaminopropionic acid, phospho-
serine, sarcosine, dimethylglycine, B-alanine, 2-aminoisobu-
tyric acid, or the like can be used, regardless of the presence
or absence in nature, and a peptide, 1n which several amino
acids are linked together, may also be used. Note that, 1n the
case ol a hydrophobic amino acid, the amino acid causes
phase separation with a hydrophilic gel membrane, and thus
the permeability of gas other than carbon dioxide is also
raised; however, since hydrophilic amino acids have high
solubility and high affinity with water-absorbing polymers
and polysaccharides, a hydrophilic amino acid 1s particularly
preferable. Specifically, the Log P value (P: partition coetfi-
cient to an octanol-water system), which 1s a character indi-
cating the hydrophilicity and hydrophobicity of an amino
acid, 1s preferably —1.5 or less, more preferably —2.0 or less,
and particularly preferably -2.5 or less. Examples of an
amino acid having a Log P value of -2.5 or less include
arginine, lycine, aspartic acid, glutamic acid, glutamine, his-
tidine, proline, serine, threonine, glycine, alanine, diamino-
propionic acid, and taurine.

The Log P value of an amino acid can be estimated by a
computational chemical method or an empirical method.
Concerning the calculation method, there are a Crippen’s
fragmentation method (J. Chem. Inf. Comput. Sci., 27, 21
(1987).), a Viswanadhan’s fragmentation method (J. Chem.
Inf. Comput. Sci1., 29, 163 (1989).), a Broto’s fragmentation
method (Eur. J. Med. Chem.-Chim. Theor., 19, 71 (1984).),
and the like; however, 1n the present invention, in a case 1n
which the value of log P of a compound differs according to
the measurement method or the calculation method, the value
1s judged by the Crippen’s fragmentation method.

Specifically, the amino acid 1s preferably arginine, lycine,
aspartic acid, glutamic acid, glutamine, histidine, proline,
serine, threonine, glycine, alanine, diaminopropionic acid, or
taurine; more preferably glycine, serine, alamine, diamino-
propionic acid, or taurine; and particularly preferably glycine
Or serine.

Regarding the addition amount of the amino acid, a greater
amount 1s preferable, since the permeation speed of carbon
dioxide 1s raised, but when the addition amount 1s too large,
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the gel membrane becomes brittle, and the permeability of
gas other than carbon dioxide 1s also raised, and from this
point of view, the addition amount of the amino acid 1s pret-
erably from 3% by mass to 90% by mass, more preferably
from 5% by mass to 60% by mass, and particularly preferably
from 10% by mass to 50% by mass, with respect to the gel
membrane.

The carbon dioxide carriers may be used as a mixture of
two ore more types of them.

Particularly, 1t 1s preferable to use an alkali metal carbonate
and an amino acid in combination, from the viewpoint of
enhancing the carbon dioxide permeation speed and the sepa-
ration factor. In particular, it 1s preferable to add a hydrophilic
amino acid to one or more of cesium carbonate, rubidium
carbonate, or potasstum carbonate, and particularly, it 1s pret-
erable to use glycine and/or serine. It 1s thought that, by
adding an amino acid, 1n addition to an alkali metal carbonate,
as a carbon dioxide carrier, a path for absorption and desorp-
tion of carbon dioxide 1s also formed by the amino acid, and
thus permeation of carbon dioxide 1s accelerated.

Preferable examples of the betaine as a carbon dioxide
carrier include carnitine and trimethylglycine, and trimeth-
ylglycine 1s particularly preferable.

Although 1t depends on the kind, the content of the carbon
dioxide carrier 1n the composition (coating liquid) 1s prefer-
ably from 0.3% by mass to 30% by mass, more preferably
from 0.5% by mass to 25% by mass, and particularly prefer-
ably from 1% by mass to 20% by mass, in order to prevent
salting-out before coating and to reliably exhibit the function
of separation of carbon dioxide.

(Polysaccharide)

As the polysaccharide contained in the composition of the
present mnvention, a polysaccharide 1s used, with which a gel
membrane (set membrane) having a high film thickness uni-
formity can be formed by coating, on a support, a composition
in which the polysaccharide 1s also added 1n an aqueous
solution containing a water-soluble polymer and a carbon
dioxide carrier, and cooling the thus formed coated film.

Specifically, a composition (coating liquid) which includes
a water-absorbing polymer, a carbon dioxide carrier, a
polysaccharide, and water 1s prepared and, as shown 1n FIG.
3, the composition 1s gently poured nto a container 70 (1inner
diameter: 4 cm, height: 12 cm) made of stainless steel, such
that the viscometer cylinder (rotor) 1s sufliciently dipped into
the coating liquid. Then, while cooling the surroundings of
the container, which has the coating liquid 76 (100 g, starting
temperature: 60° C.) contained therein, with 0° C. 1ce water
72 (a 500 mL disposable cup with an mnner diameter of 10 cm
and a height of 12 cm 1s used, and the water level of the ice
water stands about 11 cm with respect to the stainless steel
cylinder), a B type viscometer 74 (manufactured by Tech-Jam
Co., Ltd.; BL2, 1 mPa-s to 100,000 mPa-s/KN3312481) 1s
allowed to work, and the value 1s read every 30 seconds,
thereby measuring the viscosity of the composition (coating
liquid) 1n accordance with JIS Z8803. In this process, it 1s
preferable to contain a polysaccharide, with which the vis-
cosity of the composition (coating liquid) reaches 1000 cp or
higher within 2000 seconds, after the initiation of cooling,
and further, 1t 1s more preferable that the viscosity of the
composition (coating liquid) reaches 1000 cp or higher within
1000 seconds, after the mitiation of cooling, and 1t 1s most
preferable that the viscosity of the composition (coating lig-
uid) reaches 1000 cp or higher within 700 seconds, after the
initiation of cooling. It should be noted that 78 1n FIG. 3
represents an ice.

However, when the viscosity of the prepared coating liquid
becomes higher than necessary, coating may become difficult
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and thus, the film thickness uniformity may be deteriorated.
Accordingly, when the viscosity of the coating liquid 1s mea-
sured by the above method, the viscosity immediately after
the imtiation of cooling 1s preferably 300 cp or lower, more
preferably 200 cp or lower, and most preferably 130 cp or
lower.

As such a polysaccharide, a starch, a cellulose, agarose,
xanthan gum, guar gum, glucomannan, curdlan, carrageenan,
xanthan gum, gellan gum, dextran, locust bean gum, an alg-
inic acid, a hyaluronic acid, or the like can be used; however,
from the viewpoints of film forming property, availability,
cost, membrane strength, and the like, agar 1s preferable, and

examples of a commercially available product include INA
AGAR UP-37, UM-118S,SY-8, ZY-4, and ZY-6 (all manufac-

tured by Ina Food Industry Co., Ltd.), AGAROSE H and
AGAROSE S (all manufactured by NIPPON GENE CO.,
LTD.), and the like. The polysaccharides may be used alone
or may be used as a mixture of two or more of them. Among
these polysaccharides, those having a function of increasing,
the gelation ability by mixing are known, and such com-
pounds may be used by mixing, in order to adjust the gelation
speed, the gelation ability, or the gelation temperature.

Further, the gelation agent used 1n the present invention
may also serve as a water-absorbing polymer. In this case, the
amount used 1s determined according to the amount used and
content ratio of the water-absorbing polymer.

Regarding the content of the polysaccharide in the compo-
sition (coating liquid), although i1t depends on the type, when
the content of the polysaccharide 1s too large, there are cases
in which the viscosity of the coating liquid becomes high 1n a
short time such that coating becomes difficult, and there 1s a
possibility that coating defects may occur. Further, from the
viewpoint ol suppressing the lowering of uniformity 1n film
thickness, the content of the polysaccharide in the composi-
tion 1s preferably 10% by mass or less, more preferably from
0.1% by mass to 8% by mass, and most preferably from 0.3%
by mass to 5% by mass.

(Crosslinking Agent)

Crosslinking of the water-absorbing polymer can be car-
ried out by a conventionally known technique such as heat
crosslinking, ultraviolet ray crosslinking, electron-beam
crosslinking, radiation crosslinking, or the like. It 1s prefer-
able that the composition of the present invention includes a
crosslinking agent. Particularly, 1t 1s preferable to include a
crosslinking agent having two or more functional groups
capable of performing heat crosslinking by reacting with a
polyvinyl alcohol-polyacrylic acid salt copolymer, and
examples include a polyvalent glycidyl ether, a polyhydric
alcohol, a polyvalent 1socyanate, a polyvalent aziridine, a
haloepoxy compound, a polyvalent aldehyde, and a polyva-
lent amine.

Here, examples of the polyvalent glycidyl ether include
cthylene glycol diglycidyl ether, polyethylene glycol digly-
cidyl ether, glycerol polyglycidyl ether, diglycerol polygly-
cidyl ether, polyglycerol polyglycidyl ether, sorbitol polyg-
lycidyl ether, pentaerythritol polyglycidyl ether, propylene
glycol glycidyl ether, and polypropylene glycol diglycidyl
cther.

Examples of the polyhydric alcohol include ethylene gly-
col, diethylene glycol, tricthylene glycol, tetracthylene gly-
col, polyethylene glycol, glycerin, polyglycerin, propylene
glycol, diethanolamine, triethanolamine, polyoxypropyl,
oxyethylene oxypropylene block copolymer, pentaerythritol,
and sorbitol.

Examples of the polyvalent 1socyanate include 2,4-tolu-
oylene duisocyanate and hexamethylene diisocyanate. Fur-
ther, examples of the polyvalent aziridine include 2,2-bishy-
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droxymethylbutanol-tris[3-(1-azindinyl)propionate], 1,6-
hexamethylenediethylene urea, and diphenylmethane-bis-4,
4'-N,N'-diethylene urea.

Examples of the haloepoxy compound include epichloro-
hydrin and a.-methylepichlorohydrin.

Further, examples of the polyvalent aldehyde include glu-
taraldehyde and glyoxal.

Moreover, examples of the polyvalent amine include eth-
ylenediamine, diethylenetriamine, triethylenetetramine, tet-
racthylenepentamine, pentacthylenchexamine, and polyeth-
yleneimine.

Among the above crosslinking agents, as a heat crosslink-
ing agent for the polyvinyl alcohol-polyacrylic acid salt
copolymer, glutaraldehyde 1s particularly preferable.

(Additional Component)

The composition of the present invention may include one
or more additional components (additives), other than the
water-absorbing polymer, the carbon dioxide carrier, or the
polysaccharide, to the extent ol not exerting any adverse
influence on film-forming properties (coating property and
setting property) or gas separation characteristics.

Examples of the additional components include, i addi-
tion to the crosslinking agent, a surfactant, a catalyst, a mois-
ture-holding (water-absorbing) agent, an auxiliary solvent, a
membrane strength adjusting agent, and a defect detecting
agent.

Preparation of the composition 1s conducted by adding the
above-described water-absorbing polymer, carbon dioxide
carrier, and polysaccharide, and further, as necessary, addi-
tional additives, each in an appropriate amount, to water
(normal temperature water or heated water), stirring the mix-
ture sufficiently, and, as necessary, heating while stirring to
accelerate dissolution. Note that, the water-absorbing poly-
mer, the carbon dioxide carrier, and the polysaccharide may
be separately added to water, or a mixture obtained by mixing
them 1n advance may be added to water. For example, a
polysaccharide 1s added to water to dissolve, and then a water-
absorbing polymer and a carbon dioxide carrier are gradually
added thereto and stirred, whereby deposition (salting-out) of
the water-absorbing polymer or the polysaccharide can be
cifectively prevented.

—Coating Step—

After preparing the composition for forming a carbon diox-
ide separation membrane, the belt-shaped support 12 1s sent
off from the let-off roll 10, and 1s conveyed to the coating
section 20, and the above composition (coating liquid) 1s
coated on the support 12 to provide a coated film.

When the temperature of the coating liquid in the coating
step lowers, the viscosity may be increased due to the solidi-
fication function of the polysaccharide or the water-absorbing
polymer may be deposited (salted out), so that coating on a
support may become difficult or the variation 1n film thick-
ness may become more significant. Therefore, aiter the prepa-
ration of the composition of the present invention, 1t 1s prei-
crable to keep the temperature until coating, such that
gelation or salting out does not occur. The temperature of the
composition 1n the coating step may be determined according
to the composition or the concentration, such that gelation or
salting-out does not occur; however, when the temperature 1s
too high, there 1s concern that a large amount of water may
evaporate from the composition to change the composition
concentration or gelation may partially occur, and thus, the
temperature 1s preferably from about 40° C. to about 95° C.,
more preferably from 45° C. to 90° C., and most preferably
from 50° C. to 85° C.

The support 12 1s a substance that supports the carbon
dioxide separation membrane 14 and has carbon dioxide per-
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meability, and the support 1s not particularly limited as long as
the carbon dioxide separation membrane 14 can be formed by
coating the composition (coating liquid) for forming a carbon
dioxide separation membrane according to the imnvention and
the support can support this membrane.

Asthe material of the support 12, paper, high quality paper,
coated paper, cast coated paper, synthetic paper, and further,
cellulose, polyester, polyolefin, polyamide, polyimide,
polysulfone aramid, polycarbonate, metals, glass, ceramics,
and the like can be preferably used. More specifically, resin
materials such as polypropylene, polyethylene, polystyrene,
polyphenylsulfide, polyether imide, polyether ether ketone,
polysulione, polyether sulione, polyethylene terephthalate,
polytetrafluoroethylene, or polyvinylidene fluoride can be
preferably used. Among them, polyolefin and fluorides
thereot can be particularly preferably used from the view-
point of stability over time.

Regarding the form of the support 12, woven fabric, non-
woven fabric, porous membrane, or the like can be adopted.
In general, a support having a high self-supporting property
and a high porosity can be preferably used. A membrane filter
of polysulione or cellulose, a surface polymerization thin
membrane of polyamide or polyimide, and an expanded
porous membrane of polytetratfluoroethylene or high molecu-
lar weight polyethylene have high porosity, exhibit reduced
inhibition 1n carbon dioxide diffusion, and are preferable
from the viewpoints of strength, production suitability, and
the like. Among them, an expanded membrane of polytet-
rafluoroethylene (PTFE) 1s particularly preferable.

These supports may be used alone, but a composite mem-
brane which 1s integrated with a reinforcing support can also
be used pretferably.

When the support 12 1s too thick, gas permeability lowers,
and when the support 1s too thin, the strength 1s not suilicient.
Theretore, the thickness of the support 1s preferably from 30
um to 500 um, more preferably from 50 um to 300 um, and
particularly preferably from 50 um to 200 um. Further, 1n the
roll-to-roll manufacture, in order to prevent the occurrence of
distortion or fracture of the support, for example, it 1s prefer-
able that the Young’s modulus of the support 1s 0.4 GPa or
higher.

Regarding the conveyance speed of the support 12,
although 1t depends on the type of the support 12, the viscos-
ity of the composition (coating liquid), and the like, when the
conveyance speed of the support 1s too high, the film thick-
ness uniformity of the coated film 1n the coating step may be
deteriorated, and when the conveyance speed 1s too slow, the
productivity lowers and, 1n addition, the viscosity of the com-
position may increase before the cooling step, so that the
uniformity of the film may be deteriorated. The conveyance
speed of the support 12 may be determined according to type
of the support 12, the viscosity of the composition (coating
liquid), or the like, while considering the above points, but 1s
preferably 1 m/min or higher, more preferably from 10 m/min
to 200 m/min, and particularly preferably from 20 m/min to
200 m/min.

Regarding the method of coating the composition, a con-
ventionally known method can be employed. Examples
include a curtain flow coater, an extrusion die coater, an air
doctor coater, a blade coater, a rod coater, a knife coater, a
squeeze coater, a reverse roll coater, a bar coater, and the like.
Particularly, from the viewpoints of the film thickness unifor-
mity, the coating amount, and the like, an extrusion die coater
1s preferable.

Regarding the coating amount, although 1t depends on the
constitution of the composition, the concentration, and the
like, when the coating amount per unit area 1s too small, a hole
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may be formed 1n the membrane during the cooling step or the
drying step, or the strength as a carbon dioxide separation
membrane may become insuificient. Meanwhile, when the
coating amount 1s too large, variation in film thickness may
become more significant, or the thickness of the carbon diox-
ide separation membrane obtained may become too large, so
that the permeability of carbon dioxide may be deteriorated.

From the viewpoints described above, 1t 1s preferable to
adjust the coating amount such that the thickness of the gel
membrane obtained in the cooling step 1s 10 um or more,
more preferably 50 um or more, and particularly preferably
100 um or more, and the thickness of the carbon dioxide
separation membrane obtained 1n the crosslinking step 1s 1
wm or more, more preferably 3 um or more, and particularly
preferably 5 um or more. Further, from the viewpoint of
avoiding the lowering of carbon dioxide permeability, 1t 1s
preferable that the film thickness of the carbon dioxide sepa-
ration membrane 1s set to be 1000 um or less.

(Cooling Step)

The coated film that has been obtained on the support 12 1n
the coating step 1s cooled to obtain a gel membrane. The
support having a coated {ilm formed thereon 1s conveyed to
the cooling section 30 and 1s instantly cooled, whereby the
coated film 1s gelated (fixed) due to the solidification function
of the polysaccharide, and thus a stable gel membrane (set
membrane) 1s obtained.

When the cooling temperature in the cooling step 1s too
high, 1t may take a long time for fixing and the film thickness
umiformity may be deteriorated, and when the cooling tem-
perature 1s too low, the gel membrane may freeze and thus, the
membrane quality may be changed. In order to obtain a gel
membrane 1n which the thickness of the coated film 1s almost
maintained, the cooling temperature 1n the cooling step may
be determined according to the components of the coated film
and the concentration (particularly, the type and concentra-
tion ol polysaccharide), but from the viewpoint of rapidly
gelating the coated film on the support 12 to form a gel
membrane, the cooling temperature 1n the cooling step, in
terms of the wet-bulb temperature, i1s preferably 33° C. or
lower, specifically, from 1° C. to 35° C., more preferably from
2° C. to 20° C., and particularly preterably from 5° C. to 15°
C.

Further, the passage time 1n the cooling step 1s preferably
from 1 second to 200 seconds, more preferably from 20
seconds to 150 seconds, and particularly preferably from 30
seconds to 100 seconds, from the viewpoints of improvement
in productivity and the like.

As described above, after providing a coated film by coat-
ing the composition of the present invention on a support, the
resulting membrane can be rapidly gelated to be converted
into a gel membrane, and theretfore, the film thickness can be
controlled with high accuracy. Accordingly, a carbon dioxide
separation membrane having a large film thickness and hav-
ing a uniform thickness can be formed, and a carbon dioxide
separation membrane having high gas permeation character-
1stics can be produced with high productivity.

(Drying Step)

After the cooling step, the gel membrane 1s dried to obtain
a dried membrane.

Warm air 1s applied onto the gel membrane on the support
12 which has been conveyed to the heating section 40, to
perform drying. Since the membrane aiter the cooling step 1s
fixed 1 a gel state, drying 1s carried out without causing
collapse, even though the air for drying 1s directed.

The velocity of air 1s preferably a velocity with which the
gel membrane can be rapidly dried and which does not cause
collapse of the gel membrane, and 1s preferably, for example,
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from 1 m/min to 80 m/min, more preferably from 2 m/min to
70 m/min, and particularly preterably from 3 m/min to 40
m/min.

The temperature of the air 1s such that the temperature of
the membrane surtace 1s preferably from 1° C. to 80° C., more
preferably from 2° C. to 70° C., and particularly preferably
from 3° C. to 60° C., for the purpose of not causing deforma-
tion of the support or the like, and drying the gel membrane
rapidly.

(Crosslinking Step)

The crosslinking step and the drying step may be per-
formed simultaneously or may be performed separately.
Regarding the crosslinking technique, a known crosslinking
technique can be used. For example, crosslinking may be
performed by using a heating means such as an infrared heater
or the like, after drying the gel membrane by applying warm
air thereto; or drying and crosslinking may be performed
simultaneously using warm air. Heat crosslinking can be con-

ducted, for example, by heating to the temperature of from
about 100° C. to about 150° C. Alternatively, the gel mem-
brane after coating may be subjected to UV or electron beam
crosslinking and then dried. Further, a carbon dioxide sepa-
ration membrane may be obtained by performing crosslink-
ing, after winding up the dried membrane obtained by the
drying step onto the take-up roll 50.

By going through the steps described above, a carbon diox-
1de separation membrane according to the present invention 1s
obtained.

The obtained carbon dioxide separation membrane con-
tains a water-absorbing polymer, a carbon dioxide carrier, and
a polysaccharide. The compounding ratio of the coating l1g-
uid 1s reflected 1n the composition ratio of the components of
the carbon dioxide separation membrane.

The content of each component of the carbon dioxide sepa-
ration membrane 1n the dried state 1s preferably within the
range described below. Namely, the content of the water-
absorbing polymer is preferably from 5% by mass to 90% by
mass, more preferably from 10% by mass to 85% by mass,
and even more preferably from 15% by mass to 80% by mass.
The content of the carbon dioxide carrier 1s preferably from
5% by mass to 90% by mass, more preferably from 10% by
mass to 85% by mass, and even more preferably from 20% by
mass to 80% by mass. The content of the polysaccharide 1s
preferably from 1% by mass to 30% by mass, more preferably
from 2% by mass to 25% by mass, and even more preferably
from 3% by mass to 20% by mass.

For example, 1n the case of using a compound containing,
cesium as the carbon dioxide carrier, from the viewpoint of
improvement in carbon dioxide separation characteristics, the
content of the compound containing cesium 1n the carbon
dioxide separation membrane 1n the dried state 1s preferably
50% by mass or higher, more preferably 55% by mass or
higher, and particularly preferably 60% by mass or higher.
Further, in the case of using, for example, a compound con-
taining potassium as the carbon dioxide carrier, the content of
the compound contaiming potassium in the carbon dioxide
separation membrane 1n the dried state 1s preterably 10% by
mass or higher, 1s more preferably used at 15% by mass or
higher, and 1s particularly preferably 20% by mass or higher.

Furthermore, 1n the case of using, as the carbon dioxide
carrier, for example, a compound containing cesium or potas-
sium and an amino acid, the content of the amino acid 1n the
carbon dioxide separation membrane 1n the dried state is
preferably 10% by mass or higher, 1s more preferably used at
15% by mass or higher, and 1s particularly preferably 20% by
mass or higher.
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In addition, after preparing the carbon oxide separation
membrane 14, a carrier elution prevention layer may be pro-
vided on the carbon oxide separation membrane 14, as nec-
essary, 1n order to prevent elution of carbon dioxide carrier.
The carrier elution prevention layer preferably has a nature of
permeating gas such as carbon dioxide, steam, or the like but
not permeating water or the like, and 1s preferably a hydro-
phobic porous membrane.

A membrane having such a nature may be coated on the
membrane surface, or a membrane prepared separately may
be laminated.

(Carbon Dioxide Separation Apparatus)

In a carbon dioxide separation apparatus, the above carbon
dioxide separation membrane may be provided as a flat mem-
brane, or may be utilized by processing into a spiral wound
type, a pleated type, or the like, which 1s known as a reverse
osmosis module.

EXAMPLES

Hereinaftter, the present invention 1s specifically described
with reference to Examples; however, the invention 1s by no
means limited to the following Examples unless they are
beyond the spirit of the invention.

Experiment Example 1

As apolysaccharide, INA AGAR UP-37 (manufactured by

Ina Food Industry Co., Ltd.) was added to water, which was
stirred, and then the mixture was heated to dissolve the agar
suificiently. To this agar solution, a polyvinyl alcohol-poly-
acrylic acid copolymer (sodium salt, manufactured by
Kuraray Co., Ltd., trade name: KURASTMER AP20), an
aqueous solution of cesium carbonate, and glutaraldehyde
were added, which was suificiently stirred while keeping the
temperature. Thus, an aqueous solution having an agar con-
centration of 0.5% by mass, a polyvinyl alcohol-polyacrylic
acid salt concentration of 2.5% by mass, a cesium carbonate
concentration of 6.0% by mass, and a glutaraldehyde concen-
tration of 0.2% by mass was prepared.

The heat aqueous solution thus prepared was placed 1n a
cylindrical container made of stainless steel, and while cool-
ing the container in ice water from a liquid temperature of 60°
C., the viscosity was measured every 30 seconds using a B
type viscometer (single cylinder rotational viscometer). The
measurement apparatus used and the measurement condi-
tions are shown below.

Measurement apparatus: a B type viscometer (BL2, 1
mPa-s to 100,000 mPa-s/KIN3312481)

Measurement conditions: measurement 1s conducted 1n
accordance with JIS Z8803 while cooling 1n 0° C. 1ce water.

For comparison, the concentration of the agar was changed
in the range of 1.0% by mass to 0.2% by mass. As shown 1n
FIG. 4, when the concentration of the added UP-377 was equal
to or higher than 0.5% by mass, the viscosity exceeded 1000
cp within the measurement time of 600 seconds, and good
gelation property was exhibited.

Experiment Example 2

Preparation of aqueous solutions and measurement of vis-

cosity were carried out 1n the same manner as that 1n Experi-
ment Example 1, except that INA AGAR UP-37 1n Experti-

ment Example 1 was changed to INA AGAR UM-118S, SY-8,
7Y-4, 7Y-6 (all manufactured by Ina Food Industry Co.,
Ltd.), AGAROSE H, and AGAROSE S (all manufactured by
NIPPON GENE CO., L'TD.). The changes 1n viscosity when
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INA AGAR UM-118, ZY-6, and AGAROSE H were used,
respectively, are shown in FIG. 5 to FIG. 7. In all cases, the
viscosity had a tendency to be increased 1n a short time as the
agar concentration got higher, and when the concentration of
agar added was equal to or higher than 0.3% by mass in the
case of ZY-4 or when the concentration of agar added was
equal to or higher than 0.5% by mass 1n the case of the others,
the viscosity exceeded 1000 cp within the measurement time

of 600 seconds, and good gelation property was exhibited.

Example 1

A heat aqueous solution (temperature: 85° C. or higher)
containing 0.5% by mass of INA AGAR UP-37 (manufac-
tured by Ina Food Industry Co., Ltd.), 2.5% by mass of
polyvinyl alcohol-polyacrylic acid salt copolymer (sodium
salt, manufactured by Kuraray Co., Ltd., trade name:
KURASTMER AP20), 6.0% by mass ol cesium carbonate,
and 0.2% by mass of glutaraldehyde was prepared.

The heat aqueous solution was coated on a PET film (T60
manufactured by Toray Industries, Inc., 100 um thickness) by
means of a roll-to-roll method, followed by cooling and dry-
ing, to form a membrane. The resulting membrane was con-
verted into a gel membrane 1n the cooling section where the
cooling temperature was set to 8° C., and then the gel mem-
brane was dried in the drying section, without being blown
away even under the velocity of dry air of 40 m/s, and thus, a
uniform membrane having a thickness of 17 um was formed.
On this dried membrane, the coating and drying process was
performed once again, whereby a dried membrane having a
f1lm thickness of 35 um was formed. The resulting substance
was wound up into a roll, and then was subjected to heat
crosslinking at 120° C., to obtain a carbon dioxide separation
membrane.

The mass ratio of each component of the carbon dioxide
separation membrane thus obtained in the dried state was as

follows.
Polyvinyl alcohol-polyacrylic acid salt: 27.2%
Agar UP-37: 5.4%
Cesium carbonate: 65.2%
Glutaraldehyde: 2.2%

Example 2

On a polyester paper support (manufactured by AWA
PAPER MFG. CO., LTD., 70 um thickness), a heat aqueous
solution (temperature: 85° C. or higher) containing 0.5% by
mass of INA AGAR UP-37 (manufactured by Ina Food Indus-
try Co., Ltd.), 2.5% by mass of polyvinyl alcohol-polyacrylic
acid salt copolymer (sodium salt, manufactured by Kuraray
Co., Ltd., trade name: KURASTMER AP20), 6.0% by mass
of cestum carbonate, and 0.2% by mass of glutaraldehyde was
coated by means of a roll-to-roll method, followed by cooling
and drying, to form a membrane. The resulting membrane
was converted into a gel membrane 1n the cooling section
where the cooling temperature was set to 8° C., and then the
gel membrane was dried 1n the drying section, without being
blown away even under the velocity of dry air of 40 m/s, and
thus, a uniform membrane having a thickness of 17 um was
formed. Similarly to Example 1, the coating and drying pro-
cess was performed once again, the resulting substance was
wound up 1nto a roll, and then was subjected to heat crosslink-
ing at 120° C., to obtain a carbon dioxide separation mem-
brane.

Example 3

On a PET film (T60 manufactured by Toray Industries,
Inc., 100 um thickness), a heat aqueous solution (tempera-
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ture: 85° C. or higher) containing 1.0% by mass of INA
AGAR UM-11S (manufactured by Ina Food Industry Co.,

Ltd.), 2.5% by mass of polyvinyl alcohol-polyacrylic acid salt
copolymer (sodium salt, manufactured by Kuraray Co., Ltd.,
trade name: KURASTMER AP20), and 6.0% by mass of
cesium carbonate was coated by means of a roll-to-roll
method, followed by cooling and drying (heating), to form a
membrane. The resulting membrane was converted into a gel
membrane 1n the cooling section where the cooling tempera-
ture was set to 8° C., and thereafter, in the heating section,
thickness unevenness occurred at a portion of the membrane
under the velocity of dry air of 40 m/s. Similarly to Example
1, the coating and drying process was performed once again,
the resulting substance was wound up 1nto aroll, and then was
subjected to heat crosslinking at 120° C., to obtain a carbon
dioxide separation membrane.

—FEvaluation of Gas Separation—

Evaluation was performed 1n regard to the carbon dioxide
gas separation performance, 1n a manner as described below,
using the carbon dioxide separation membranes produced in
Examples 1 to 3.

In Example 1 and Example 3, the carbon dioxide separa-
tion membrane (diameter: 47 mm) formed on the PET film
was gently taken off from the PET film, and using two sheets
of PITFE membrane filter (pore diameter: 0.10 um, manufac-
tured by ADVANTEC CO., LTD.), the membrane was held
from the two sides, to produce a permeation test sample.

In Example 2, the carbon dioxide separation membrane
was cut, together with the support, 1nto a piece with a diam-
cter ol 47 mm, and was put between two sheets of P1FE
membrane filter as described above, to produce a permeation
test sample.

As the test gas, a mixed gas of CO,/H,: 10/90 (volume
ratio) was supplied at relative humadity o1 70%, a tlow rate of
100 mL/min, a temperature of 130° C., and total pressure o1 3
atm, to each of the samples (effective area: 2.40 cm”)
described above, and an Ar gas (flow rate: 90 mL/min) was
made to tlow on the permeation side. The gas that had been
permeated was analyzed by gas chromatography, and the CO,
permeation speed and the separation factor were calculated.
The results are shown 1n Table 2.

Also with regard to the carbon dioxide separation mem-
branes produced 1n the following Examples 4 to 9 and Com-
parative Example 1, the carbon dioxide gas separation per-
formance was evaluated 1n a manner similar to that in
Example 1.

Example 4

A heat aqueous solution (temperature: 85° C. or higher)
containing 0.5% by mass of INA AGAR UP-37 (manufac-
tured by Ina Food Industry Co., Ltd.), 2.5% by mass of
polyvinyl alcohol-polyacrylic acid salt copolymer (sodium
salt, manufactured by Kuraray Co., Ltd., trade name:
KURASTMER AP20), 6.0% by mass of cestum carbonate,
and 0.6% by mass of glycine was prepared.

The heat aqueous solution was coated on a PET film (T60
manufactured by Toray Industries, Inc., 100 um thickness) by
means of a roll-to-roll method, followed by cooling and dry-
ing, to form a membrane. The resulting membrane was con-
verted 1nto a gel membrane 1n the cooling section where the
cooling temperature was set to 8° C., and then the gel mem-
brane was dried in the drying section, without being blown
away even under the velocity of dry air of 40 m/s, and thus, a
uniform membrane was formed. On this dried membrane, the
coating and drying process was performed once again,

whereby a dried membrane was formed. The resulting sub-
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stance was wound up 1nto a roll, and then was subjected to
heat crosslinking at 120° C., to obtain a carbon dioxide sepa-
ration membrane.

Example 5

A heat aqueous solution (temperature: 85° C. or higher)

containing 0.5% by mass of INA AGAR UP-37 (manufac-
tured by Ina Food Industry Co., Ltd.), 2.5% by mass of
polyvinyl alcohol-polyacrylic acid salt copolymer (sodium
salt, manufactured by Kuraray Co., Ltd., trade name:
KURASTMER AP20), and 1.27% by mass of potassium
carbonate was prepared.

The heat aqueous solution was coated on a PET film (T60
manufactured by Toray Industries, Inc., 100 um thickness) by
means of a roll-to-roll method, followed by cooling and dry-
ing, to form a membrane. The resulting membrane was con-
verted 1into a gel membrane 1n the cooling section where the
cooling temperature was set to 8° C., and then the gel mem-
brane was dried in the drying section, without being blown
away even under the velocity of dry air of 40 m/s, and thus, a
uniform membrane was formed. On this dried membrane, the
coating and drying process was performed once again,
whereby a dried membrane was formed. The resulting sub-
stance was wound up 1nto a roll, and then was subjected to
heat crosslinking at 120° C., to obtain a carbon dioxide sepa-
ration membrane.

Example 6

A heat aqueous solution (temperature: 85° C. or higher)
containing 0.5% by mass of INA AGAR UP-37 (manufac-
tured by Ina Food Industry Co., Ltd.), 2.5% by mass of
polyvinyl alcohol-polyacrylic acid salt copolymer (sodium
salt, manufactured by Kuraray Co., Ltd., trade name:
KURASTMER AP20), 1.27% by mass of potassium carbon-
ate, and 1.2% by mass of glycine was prepared.

The heat aqueous solution was coated on a PET film (T60
manufactured by Toray Industries, Inc., 100 um thickness) by
means of a roll-to-roll method, followed by cooling and dry-
ing, to form a membrane. The resulting membrane was con-
verted 1into a gel membrane 1n the cooling section where the
cooling temperature was set to 8° C., and then the gel mem-
brane was dried in the drying section, without being blown
away even under the velocity of dry air of 40 m/s, and thus, a
uniform membrane was formed. On this dried membrane, the
coating and drying process was performed once again,
whereby a dried membrane was formed. The resulting sub-
stance was wound up 1nto a roll, and then was subjected to
heat crosslinking at 120° C., to obtain a carbon dioxide sepa-
ration membrane.

Example 7

A heat aqueous solution (temperature: 85° C. or higher)
containing 0.5% by mass of INA AGAR UP-37 (manufac-
tured by Ina Food Industry Co., Ltd.), 2.5% by mass of
polyvinyl alcohol-polyacrylic acid salt copolymer (sodium
salt, manufactured by Kuraray Co., Ltd., trade name:
KURASTMER AP20), 1.27% by mass of potasstum carbon-
ate, and 0.85% by mass of serine was prepared.

The heat aqueous solution was coated on a PET film (T60
manufactured by Toray Industries, Inc., 100 um thickness) by
means ol a roll-to-roll method, followed by cooling and dry-
ing, to form a membrane. The resulting membrane was con-
verted 1into a gel membrane 1n the cooling section where the
cooling temperature was set to 8° C., and then the gel mem-
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brane was dried in the drying section, without being blown
away even under the velocity of dry air of 40 m/s, and thus, a
uniform membrane was formed. On this dried membrane, the
coating and dryving process was performed once again,
whereby a dried membrane was formed. The resulting sub-
stance was wound up 1nto a roll, and then was subjected to
heat crosslinking at 120° C., to obtain a carbon dioxide sepa-
ration membrane.

Example 8

On a supported PTFE (manufactured by Nakao-Filter Co.,
Ltd., TETRATEX 7008, 200 um thickness), a heat aqueous
solution (temperature: 85° C. or higher) containing 0.5% by
mass of INA AGAR UP-37 (manufactured by Ina Food Indus-
try Co., Ltd.), 2.5% by mass of polyvinyl alcohol-polyacrylic
acid salt copolymer (sodium salt, manufactured by Kuraray
Co., Ltd., trade name: KURASTMER AP-20), 6.0% by mass
of cestum carbonate, and 0.2% by mass of glutaraldehyde was
coated by means of a roll-to-roll method, followed by cooling
and drying, to form a membrane. The resulting membrane
was converted mto a gel membrane 1 the cooling section
where the cooling temperature was set to 8° C., and then the
gel membrane was dried 1n the drying section, without being
blown away even under the velocity of dry air o1 40 m/s, and
thus, a uniform membrane having a thickness of 17 um was
formed. Sitmilarly to Example 1, the coating and drying pro-
cess was performed once again, the resulting substance was
wound up into a roll, and then was subjected to heat crosslink-
ing at 120° C., to obtain a carbon dioxide separation mem-
brane.

Comparative Example 1

In a case 1n which the agar UP-37 was not added 1n
Example 1, the coated film was blown away in the drying
section, and thus, a carbon dioxide separation film capable of
performing the gas permeability measuring test was not
obtained.

Example 9

A heat aqueous solution (temperature: 85° C. or higher)
containing 0.5% by mass of INA AGAR UP-37 (manufac-
tured by Ina Food Industry Co., Ltd.), 2.5% by mass of
polyvinyl alcohol (manufactured by Kuraray Co., Ltd.,
KURARAY PVA-117), 6.0% by mass of cesium carbonate,
and 0.2% by mass of glutaraldehyde was prepared.

The heat aqueous solution was coated on a PET film (T60
manufactured by Toray Industries, Inc., 100 um thickness) by
means of a roll-to-roll method, followed by cooling and dry-
ing, to form a membrane. The resulting membrane was con-
verted into a gel membrane 1n the cooling section where the
cooling temperature was set to 8° C., and then the gel mem-
brane was dried 1n the drying section, without being blown
away even under the velocity of dry air o1 40 m/s, and thus, a
uniform membrane was formed. On this dried membrane, the
coating and drying process was performed once again,
whereby a dried membrane was formed. The resulting sub-
stance was wound up 1nto a roll, and then was subjected to
heat crosslinking at 120° C., to obtain a carbon dioxide sepa-
ration membrane.

Example 10

A heat aqueous solution (temperature: 85° C. or higher)
containing 0.5% by mass of INA AGAR UP-37 (manufac-
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tured by Ina Food Industry Co., Ltd.), 2.5% by mass of

polyvinyl alcohol (manufactured by Kuraray Co., Ltd.,
KURARAY PVA-117), 1.27% by mass of potassium carbon-
ate, and 1.2% by mass of glycine was prepared.

The heat aqueous solution was coated on a PET film (T60
manufactured by Toray Industries, Inc., 100 um thickness) by
means ol a roll-to-roll method, followed by cooling and dry-
ing, to form a membrane. The resulting membrane was con-
verted 1into a gel membrane 1n the cooling section where the
cooling temperature was set to 8° C., and then the gel mem-
brane was dried in the drying section, without being blown
away even under the velocity of dry air of 40 m/s, and thus, a
uniform membrane was formed. On this dried membrane, the
coating and dryving process was performed once again,
whereby a dried membrane was formed. The resulting sub-
stance was wound up 1nto a roll, and then was subjected to
heat crosslinking at 120° C., to obtain a carbon dioxide sepa-
ration membrane.

The composition of the aqueous solution for forming a
carbon dioxide separation membrane and the support which
were used 1n Examples 1 to 10 and Comparative Example 1,
are shownin Table 1, and the permeation characteristics of the
carbon dioxide separation membrane thus produced are
shown 1n Table 2.

TABLE 1
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TABLE 2-continued

Presence or Absence

Permeation Characteristics of Unevenness in Film

Permeation Separation  thickness and Defects
Speed Q *1 Factor a *2 1 Membrane State
Example 6 143 372 absence
Example 7 43 136 absence
Example 8 143 423 absence
Comparative  unmeasurable unmeasurable membrane is not formed
Example 1
Example 9 103 352 absence
Example 10 97 304 absence
Note)

*1 Umt of permeation speed: 1 x 107% em® (STP)/(s - cm’ - cmHg)
2 o0=Q(C0O,)/Q(Hy)

As shown 1n Tables 1 and 2, 1n Examples 1 to 10, by the
inclusion of a polysaccharide, it was possible to produce a
carbon dioxide separation membrane having carbon dioxide
permeation characteristics, even by means of roll-to-roll.

Further, 1n Examples 6 and 7, a carbon dioxide separation
membrane was prepared i a manner similar to that in
Example 35, except that an amino acid was added; however, 1n
Examples 6 and 7, both the carbon dioxide permeation speed

Composition of Aqueous solution for Forming Carbon Dioxide Separation Membrane

Water-absorbing

Carbon Dioxide Carrier

Polymer Polysaccharide Metal Carbonate Amino Acid Crosslinking Agent
Content Content Content Content Content
Type (mass %) Type (mass %) Type (mass %) Type (mass %) Type (mass %) Support
Example 1 PVA-PAA 2.5 UP-37 0.5 cesium 6.0 — 0.0 glutar- 0.2 PET
carbonate aldehyde
Example 2 PVA-PAA 2.5 UP-37 0.5 cesium 6.0 — 0.0 glutar- 0.2 paper
carbonate aldehyde (poly-
ester)
Example 3 PVA-PAA 2.5 UM-118 1.0 cesIum 6.0 - 0.0 - 0.0 PET
carbonate
Example 4 PVA-PAA 2.5 UP-37 0.5 cesium 6.0 glycine 0.6 — 0.0 PET
carbonate
Example 5 PVA-PAA 2.5 UP-37 0.5 potassium 1.27 — 0.0 - 0.0 PET
carbonate
Example 6 PVA-PAA 2.5 UP-37 0.5 potassium 1.27  glycine 1.2 — 0.0 PET
carbonate
Example 7 PVA-PAA 2.5 UP-37 0.5 potassium 1.27  serine 0.85 — 0.0 PET
carbonate
Example 8 PVA-PAA 2.5 UP-37 0.5 cesium 6.0 - 0.0 glutar- 0.2 PIFE
carbonate aldehyde
Compar- PVA-PAA 2.5 - 0.0 cesium 6.0 - 0.0 glutar- 0.2 PET
ative carbonate aldehyde
Example 1
Example 9 PVA 2.5 UP-37 0.5 cesium 6.0 — 0.0 glutar- 0.2 PET
carbonate aldehyde
Example PVA 2.5 UP-37 0.5 potassium 1.27  glycine 1.2 — 0.0 PET
10 carbonate
55
TABI E 2 and the separation factor were enhanced as compared with
those 1n Example 5, and especially, in Example 6, in which
Presence or Absence glycine was added, both the carbon dioxide permeation speed
Permeation Characteristics oI Unevenness in Film and the separation factor were remarkably enhanced.
Parmeation Separation  thickness and Defects 60  The disclosures of Japanese P&}tenj[ Application No. 2011-
Speed Q *1 Factor & *2  in Membrane State 004274, Japanese Patent Application No. 2011-068245,
N 1 - o - Japanese Patent Application No. 2011-167488, and Japanese
D E o OSeHEn Patent Application No. 2011-250968 are incorporated by ref-
Example 2 49 81 absence Co. .
Example 3 149 388 presence erence herein in 1ts entirety.
Example 4 195 657 ahsence 65 All publications, patent applications, and technical stan-
Example 5 16 64 absence dards mentioned in this specification are herein incorporated

by reference to the same extent as 11 such individual publica-



US 9,162,178 B2

23

tion, patent application, or technical standard was specifically
and individually indicated to be incorporated by reference.

The mvention claimed 1s:

1. A composition for forming a carbon dioxide separation
membrane, the composition comprising:

a mixture containing;

a binder consisting of a hydrophilic polymer,

a carbon dioxide carrier, and

a polysaccharide, wherein the polysaccharide 1s agar
and a content of the polysaccharide 1s from 0.3% by
mass to 5% by mass, with respect to the composition.

2. The composition for forming a carbon dioxide separa-
tion membrane according to claim 1, wherein a viscosity of
the composition, when measured in accordance with JIS
/8803 using a B type viscometer while cooling the surround-
ings of a container having the composition contained therein
with 0° C. ice water, reaches 1000 cp or higher within 700
seconds, after the 1mitiation of cooling.

3. The composition for forming a carbon dioxide separa-
tion membrane according to claim 1, wherein the water-
absorbing polymer 1s a polyvinyl alcohol-polyacrylic acid
salt copolymer.

4. The composition for forming a carbon dioxide separa-
tion membrane according to claim 1, wherein the carbon
dioxide carrier 1s an alkal1 metal carbonate.

5. The composition for forming a carbon dioxide separa-
tion membrane according to claim 1, wherein the carbon
dioxide carrier 1s a compound containing at least one selected
from the group consisting of cesium, rubidium, and potas-
s1um.

6. The composition for forming a carbon dioxide separa-
tion membrane according to claim 1, further comprising an
amino acid.

7. The composition for forming a carbon dioxide separa-
tion membrane according to claim 6, wherein the amino acid
1s at least one selected from the group consisting of arginine,
lycine, aspartic acid, glutamic acid, glutamine, histidine, pro-
line, serine, threonine, glycine, alanine, diaminopropionic
acid, and taurine.

8. The composition for forming a carbon dioxide separa-
tion membrane according to claim 6, wherein the amino acid
1s at least one selected from the group consisting of glycine
and serine.

9. A process for producing a carbon dioxide separation
membrane, the process comprising:

preparing the composition for forming a carbon dioxide

separation membrane according to claim 1;

coating the composition on a support;

cooling the coated film obtained 1n the coating, to obtain a

gel membrane;

drying the gel membrane to obtain a dned membrane; and

crosslinking the dried membrane to obtain a carbon diox-

1de separation membrane.

10. The process for producing a carbon dioxide separation
membrane according to claim 9, wherein an area of the sup-
port is 30 cm? or more.

11. The process for producing a carbon dioxide separation
membrane according to claim 9, wherein the support 1s belt-
shaped and sent off from a let-off roll, and while conveying
the support, the coating, the cooling, and the drying are per-
formed 1n order and then, before or after the crosslinking, the
dried membrane or the carbon dioxide separation membrane
1s wound onto a take-up roll.
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12. The process for producing a carbon dioxide separation
membrane according to claim 11, wherein the support 1s
conveyed at a conveying speed of 1 m/min or higher from the
coating to the drying.

13. The process for producing a carbon dioxide separation
membrane according to claim 9, wherein the gel membrane 1s
formed to have a thickness of 10 um or more.

14. The process for producing a carbon dioxide separation
membrane according to claim 9, wherein the cooling 1s per-
formed at a wet bulb temperature of 35° C. or lower.

15. A carbon dioxide separation membrane comprising:

a support; and

on the support, a layer formed from the composition for

forming a carbon dioxide separation membrane accord-
ing to claim 1.

16. The carbon dioxide separation membrane according to
claim 15, wherein the carbon dioxide carrier comprises a
compound contaiming at least one selected from the group
consisting of cesium, rubidium, and potassium.

17. The carbon dioxide separation membrane according to
claim 15, further comprising an amino acid.

18. The carbon dioxide separation membrane according to
claim 17, wherein the amino acid 1s at least one selected from
the group consisting of glycine and serine.

19. The carbon dioxide separation membrane according to
claim 16, wherein a compound containing cesium 1s included,
as the carbon dioxide carrier, 1n an amount of 50% by mass or
more with respect to the carbon dioxide separation mem-
brane.

20. The carbon dioxide separation membrane according to
claim 16, wherein a compound containing potassium 1s
included, as the carbon dioxide carrier, 1n an amount of 15%
by mass or more with respect to the carbon dioxide separation

membrane.

21. A carbon dioxide separation apparatus equipped with
the carbon dioxide separation membrane according to claim
15.

22. The composition for forming a carbon dioxide separa-
tion membrane according to claim 1, wherein:

the hydrophilic polymer 1s at least one polymer selected

from the group consisting of polyvinyl alcohols, poly-
acrylic acids, polyethylene oxides, water-soluble cellu-
loses, starches, alginic acids, chitins, polysulfonic acids,
polyhydroxy methacrylates, polyvinyl pyrrolidones,
poly-N-vinyl acetamides, polyacrylamides, polyethyl-
eneimines, polyallylamines, polyvinylamines and
copolymers thereof, and

the carbon dioxide carrier 1s: (1) at least one compound

selected from the group consisting of alkali1 metal car-
bonates, alkali metal hydrogencarbonates, alkali metal
hydroxides, ammonia, ammonium salts, water-soluble
straight-chain or cyclic amines, water-soluble amine
salts of straight-chain or cyclic amines, and water-
soluble ammomum salts of straight-chain or cyclic
amines, or (11) an aqueous solution obtained by adding a
multidentate ligand that forms a complex with an alkali
metal 10n to an aqueous solution containing at least one
selected from the group consisting of alkali metal car-
bonates, alkali metal hydrogencarbonates and alkali
metal hydroxides, or (111) any combination of (1) and (11).
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